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Objective 


Vary 

Automatic Recovery System 

• Loss-of-control situation during approach is 



particularly dangerous 



• Aircraft is in a low-energy state (speed, altitude, 
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propulsion) 



• Proper energy management is crucial 


/ GO- AROUND 

• Model-predictive automated recovery system 


" ^ 

(MPARS): prevent unintended/premature ground 
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contact during approach phase of flight 


' -GLIDE PATH 

- Automatic aggressive recovery maneuver if collision is 



otherwise inevitable 


• Define aggressive recovery control commands (e.g., autopilot 

- “Last-second 0 activation 


GA mode, full power and pitch up, etc.) 

- Cannot interfere with proper landings 


• Continuous prediction of altitude loss due to maneuver 



• If prediction violates threshold, initiate recovery maneuver 
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Flight Path Prediction 
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FLIGHT PATH PREDICTOR 
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Aircraft 



Simplified, two-dimensional (longitudinal), rigid-body physics 
model of aircraft 

Predicts altitude loss due to recovery command (full power, pitch 
15 degrees) 
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Safe Landing Criteria 


• Aircraft within 1000 




feet of runway 


j » 


• Altitude threshold 




set to 0 feet 
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• Aircraft less than 




50 feet above 




ground level 




• Protection system 




deactivated once 


, 


criteria are satisfied 
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Test Bed 





Full cockpit with 
standard pilot/copilot 
controls and 
instrumentation 
PC 1 : X-Plane 
PC 2: Displays 
PC 3: Simulations & 
control systems 

- TCM + 2xC-MAPSS40k 

- MFARS flfcjM/propulson 
control override algorithm* 

PC 4: Flight path 
predictor 






Experiments 



Starting point: 

- Distance from runway 3 nau*. Ji miles 

- Altitude 1 000 feel 

- Airspeed. 135 Knots 

Successful landings 

Deliberately failed approaches (i.e., short of runway) 


Successful Landing 
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Flight path is from right to 
left 

Altitude threshold set to 50 
feet AGL 

1 000 feet from runway: 
altitude threshold set to 0 
feet 

50 feet AGL: protection 
system deactivates 
Simple rules work well 
unless trying to touchdown 
at runway edge 
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Failed Approaches 



Circular point denotes MPARS 
activation (notice throttle change) 





MPARS Limitations 





MPARS Limitations 





05 1 15 

Distance to Rinway, nm 


Large & rapid changes in 
predicted altitude loss 
(green case) 

Flight path prediction 
refreshes once per second 
(0.4-sec calculation time for 
20-sec prediction) 

Data packet losses in 
communication between 
control system and 
trajectory prediction model 


Summary & Future Work 

• Model-predictive automatic recovery system to 
prevent unintended ground contact 

• Primary application: low-speed, low-altitude 

• Automatic application of aggressive recovery 
maneuver (flight/propulsion controls override) 

• Continuous flight path prediction to ensure “last- 
second” activation 

• Ongoing & future work: 

- Forward distance prediction 

- Refine system deactivation criteria 

- Account for uneven terrain 

- Uncertainty and robustness 


©f 


3 


3/4/2014 



twill MrannuBr* p> Amwlin — 'I 

Backup Slides 


$ 




4 



